Abstract We compared acceptability, adherence and efficacy of trans-dermal nicotine patches and cognitive behavioral therapy (Group 1) to cognitive behavioral therapy alone (Group 2) in minority pregnant smokers. This is a randomized controlled trial. 52 women were recruited during pregnancy with a mean gestational age 18.5 ± 5.0 weeks and followed through delivery. Randomization was by site and initial cotinine levels. Interventionists and interviewers were blinded to group assignment. Two different nicotine replacement therapy dosing regiments were administered according to the baseline salivary cotinine level. A process evaluation model summarized patient adherence. The main outcome measure was self-report of cessation since last visit, confirmed by exhaled carbon monoxide. Analyses of categorical and continuous measures were conducted as well as linear trend tests of salivary cotinine levels. Women lost to follow-up were considered treatment failures. Participants were on average 27.5 ± 5.4 years old, 81 % were single, 69 % unemployed and 96 % were Medicaid eligible. A process evaluation indicated patients in both groups were adherent to scheduled program procedures through Visit 4, but not for Visits 5 and 6. Confirmed quit rates were: at visit 3, 23 (Group 1) and 0 % (Group 2) (p = 0.02); at visits 4 and 5, no difference; at visit 6, 19 (Group 1) and 0 % (Group 2) (p = 0.05). Group 1 delivered infants with a mean gestational age of 39.4 weeks versus 38.4 weeks in Group 2 (p = 0.02). 73 % (52/71) of the eligible smokers agreed to participate and 65 % (17/26) of Group 1 completed the protocol (i.e. attended 6 visits). A comparison of Group 1 and 2 quit rates confirmed a non-significant difference.
Introduction
Despite the large body of evidence about the adverse impact of smoking on maternal and infant health and available effective treatments [1] [2] [3] , between 9 and 13 % of women in the United States smoked during pregnancy [4] . Behavioral interventions currently offered during prenatal care have only modest success. Evidenced-based counseling typically results in an additional 6-8 % of women quitting over spontaneous cessation [5] [6] [7] [8] .
Nicotine replacement therapy (NRT) is safe and effective for non-pregnant smokers. When combined with counseling, it typically doubles cessation rates [5] . Windsor et al. [9] reviewed the risks and benefits of behavioral and pharmacological treatment for pregnant women. They reported that when used appropriately (patient does not smoke), NRT has the potential to reduce maternal and fetal cotinine levels and eliminate fetal exposure to carbon monoxide (CO) and hundreds of other chemicals and carcinogens. Other reports have indicated that when behavioral methods have failed for pregnant women smoking C10 cigarettes per day (CPD), the benefits of NRT may outweigh the risks [10, 11] . The current ACOG recommendations continue to emphasize that pregnant patients should try to quit smoking without pharmacological agents and that evidence of efficacy for smoking cessation medications is inconclusive [12] .
Few studies have evaluated the safety and efficacy of NRT during pregnancy [7, [9] [10] [11] [13] [14] [15] [16] . Wisborg et al. [16] conducted a study of women who smoked C10 CPD after their 1st trimester. The authors compared a behavioral program to a behavioral program plus nicotine patches, with CO-confirmed cessation rates of 19 versus 21 %, respectively. This difference was not statistically significant. The study did report a significant increase in mean infant birthweight (186 g) of women on NRT.
Two randomized controlled trials from the U.S. tested the efficacy of NRT during pregnancy. Oncken et al. conducted a double-blind, placebo-controlled trial to evaluate the efficacy of nicotine gum [14] . All patients received counseling after being randomly assigned to a 2 mg nicotine gum or a placebo gum group. No significant difference in biochemically-validated cessation rates was observed between groups. Pollak et al. [15] conducted an evaluation of patients between 13 and 25 weeks gestation who smoked C5 CPD. There were two groups: a cognitive behavioral therapy (CBT) control group and a CBT plus NRT (choice: patch, gum or lozenges) group. All patients received counseling. Cotinine-validated cessation rates were significantly higher for the experimental compared to the control group at 38 weeks (18 vs. 7 %, p = 0.03), but not at 3 months postpartum (20 vs. 14 %, p = 0.55). Recruitment was suspended by an independent data and safety monitoring board after determining a higher rate of poor birth outcomes in the NRT group. Later analyses did not corroborate the association [17] .
Our paper reports the results of a randomized controlled trial (RCT) evaluating the acceptability, use and efficacy of trans-dermal patch combined with CBT compared to CBT alone among minority women in Washington, D.C. The behavioral outcome was a biologically-confirmed selfreport of cessation. No previous study tested the efficacy of NRT in a minority population. We selected the patch because it was the only NRT with a controlled predictable rate of administration approved by the FDA for use during pregnancy [18] .
Materials and Methods

Study Population
Eligible mothers were: English speaking, D.C. metropolitan area residents, self-identified as an ethnic minority, C18 years,\30 weeks pregnant and a smoker with a desire to quit. Women were eligible if their CO levels were C8 ppm, salivary cotinine levels were C20 ng/ml, or urinary cotinine levels were C100 ng/ml. Women under treatment for psychiatric illness, alcoholism or drug addiction were excluded.
Following IRB approval, women were recruited from three prenatal care sites from July 2006 to December 2009, and followed until May 2010. After consent women were screened using an audio-computer assisted self interview [19] . Initial consent was for eligibility screening, for participation in the initial visit activities and baseline telephone interview. There was a maximum of six clinical visits. Distribution of NRT patches occurred at visits 2-5.
The first visit included CO testing, saliva and urine collection for cotinine measurement, and delivery of an evidenced-based intervention: the Smoking Cessation or Reduction in Pregnancy Treatment (SCRIPT) Program [5, 7, 8, 20] . At visit 2, women were considered to have quit if their self-report were confirmed by CO B 8 ppm. Those who continued to smoke were invited to participate in the RCT after signing a second consent.
Using a 1:1 ratio, women were randomized to either the NRT patch and continued CBT (Group 1) or CBT only (Group 2). Randomization was stratified by site and initial salivary cotinine levels: 30-99 ng/ml and C100 ng/ml. The web-based database management system was programmed to randomize after entering the necessary data to verify eligibility and administration of the baseline survey. Telephone interviewers were blinded to group assignment.
Data and Biological Sample Collection
Socio-demographic and behavioral risk data were collected on all visit 1 participants during a telephone interview within 10 days after visit 1. Depressive symptoms were assessed using the Beck Depression Inventory Fast Screen [21] . Smoking behavior (number of cigarettes smoked in the last day, in the last 2 weeks, cigarettes smoked within 30 min of waking, amount of cigarette usually smoked, and how deeply they inhaled) was collected through a selfadministered form, completed and sealed by the participant at the end of visits 2-6 and only available to researchers at the end of the study.
Data on pregnancy outcomes were abstracted from medical records at the delivery hospital by master's level trained abstractors using standardized forms. Mothers signed a separate consent for release of medical records.
Saliva was collected at visits 1-6 using cotton salivettes (Sarstedt, Inc., Newton, NC), placed in the mouth for 3-5 min and then placed in capped vials. Urine aliquots were collected during visit 1, using standard methods. Urine and saliva samples were refrigerated for analysis within 5 days. Prior to analysis, samples were centrifuged for 5 min at 1,0009g to remove particulates. Cotinine analysis was performed with an Immulite 1000 system (Siemens Medical Solutions Diagnostics) using the Nicotine Metabolite Assay kit. This assay has a calibration range of 10-500 ng/ml: absolute sensitivity = 2 ng/ml. Each sample was tested in triplicate, using 20-100 ll of sample per assay. Samples with values [500 ng/ml were diluted and re-tested.
Interventions
Cognitive Behavioral Intervention
The SCRIPT program, an evidence-based health education intervention, applies the 5 A's Model: Ask, Advise, Assess, Assist, and Arrange. It was derived from eight systematic evaluation studies that documented its effectiveness [5, 7, 8, 10] . In addition to counseling, women were given A Pregnant Woman's Guide to Quit Smoking, a manual to assist patients with problem-solving and coping skills, written at a 6th grade reading level [20, 22] . Women who continued after visit 1 received reinforcement and behavioral methods at Visits 2-5.
Nicotine Replacement Therapy
We chose the trans-dermal nicotine patch, because it is FDA approved for use during pregnancy (after failing CBT), and its ease of application and controlled and steady dosing. None of the other forms of nicotine replacement (gum, inhaler, lozenge) have a controlled predictable rate of administration and are FDA approved during pregnancy [18] . We chose the standard 10-week NRT regimen, spanning Visits 2-5.
In order to minimize the chance of higher cotinine levels on NRT than prior to treatment, women randomized to the patch plus CBT were classified into two dosing groups based on baseline salivary cotinine levels (SCL). Women with a SCL C 100 ng/ml received 21 mg patches for 2 weeks, 14 mg patches for 4 weeks, and 7 mg patches for 4 weeks. Women with a baseline SCL C 20 and B100 ng/ml received 14 mg patches for 6 weeks and 7 mg patches for 4 weeks. Women received the first batch of patches at visit 2. Participants were given clear verbal and written instructions on patch use. They were advised never to smoke while using the patch, to remove the patch before going to sleep and never to use other NRT method(s). Actual use of the NRT patch was reported by the participant at the time of the next visit.
The intervention specialists were blinded to group assignment. Frequency of contact and total time with each patient was standardized to control for differential treatment exposure. The intervention was delivered by the same provider during a normal care visit in a private room by master's trained intervention specialists who had received a multi-component training course from a doctoral level health behavior specialist.
Women were tested for CO at each visit before receiving the next batch. If CO values were C8 ppm, they were given 1 week's supply of NRT and asked to return within 1 week for CO retesting (probationary period). If their CO values were still high, NRT treatment was discontinued and CBT continued. A process evaluation documenting patient adherence to the protocol was performed for both groups [22] .
Sample Size Estimation
Initial sample size estimates were based on an expected quit rate of 5 % for the CBT Group and a quit rate of 20 % for the CBT plus NRT Group. The 5 % quit rate for the CBT Group was based on results for heavy smokers [20] . Given these rates, an alpha of 0.05 and 80 % power, C88 patients would need to be randomized to each treatment group to detect a significant difference in quit rates. With an anticipated 20 % attrition rate, the original goal was to enroll [100 women/group.
From the outset, it became clear enrollment would be difficult. The primary obstacles were low rates of demographically eligible women who admitted to smoking during pregnancy, restrictive gestational age criteria, and the multi-step enrollment process. Attempts were made to increase enrollment by relaxing the gestational age criteria, from B24 weeks to B30 weeks in February 2009, and by re-contacting women who said they had quit smoking after the CBT to see if they had relapsed and were eligible for the RCT. In March 2009, after 40 participants had enrolled, an additional sample size calculation was made. This calculation, based on a pilot study, assumed a 5 % quit rate in the CBT Group, a 25 % quit rate in the CBT plus NRT Group, and an alpha of 0.05 and 80 % power. The intention was to add a new recruitment site and extend recruitment 12 months to recruit 50 women/group. Women were followed until May 2010, but we were unable to add a new site.
Data Management
Screening, process indicator and biomarker data were entered into a database management system with enforced data quality-control checks. Data from questionnaires and medical records were keyed separately, examined for quality, and merged with the management system data.
Statistical Analysis
Baseline measures of demographics, pregnancy characteristics, biomarkers and smoking behaviors were compared for: (1) patients who quit after the CBT, versus eligible smokers; (2) patients randomized versus women eligible but refusing randomization; (3) participants randomized to NRT and CBT versus those randomized to CBT; (4) randomized participants who completed the trial versus discontinued patients; and (5) biologically confirmed quitters versus smokers.
The primary outcome was self-reports of cessation since the last visit via private questionnaire, confirmed by CO \ 8 ppm. Confirmed cessation was calculated at Visits 3-6 using the ''Intent-to-Treat'' (ITT) principle, which assesses the effect of therapy comparable to a clinical practice. In the ITT analysis, women who did not attend a visit for any reason were treatment failures. Women delivering prior to an expected visit were removed from the denominator for those visit(s).
Analyses of categorical measures were performed using Fisher exact tests; continuous measures were analyzed using t tests. Continuous measures that were highly skewed (e.g., salivary cotinine) were transformed to approximate normality prior to analysis. Linear trend tests of SCL across the study period were conducted using Generalized Estimating Equation modeling. SAS v.9.1 was used for all analyses (SAS Institute Inc., Cary, NC).
Results
As presented in Fig. 1 , a total of 8,106 women were approached: 923 consented and were screened. Of these, 95 were eligible: 75 consented in Phase 1. This included biological screening and receiving the first CBT session [20] . Of the 75, 71 were eligible and completed the baseline interview. At visit 2, 8/71 participants (11.3 %) were cotinine confirmed quitters. The significant differences between women who quit after visit 1 and smokers were: average CPD's in the last week, (2.1 vs. 5.9, p = 0.04); Eleven of the 63 biologically eligible women (17.4 %) did not give consent to participate in the RCT. The difference between those randomized (n = 52) and refusals (n = 11) was women consenting to randomization reported higher rates of depressive symptoms (60 vs. 18 %, p = 0.02). Baseline characteristics presented in Table 1 , confirmed no significant differences between groups. The mean interval between visit (V) 1 and V2 was 4.2 weeks, for V2 and V3 was 3.7 weeks, for V3 and V4 was 4.1 weeks, for V4 and V5 was 4.7 weeks, and V5 and V6 was 3.0 weeks. The mean estimated gestational age (EGA) of mothers participating in V1 was 18.5 weeks, in V2 was 22.7 weeks, in V3 was 25.9 weeks, in V4 was 30.0 weeks, in V5 was 32.9 weeks, and in V6 was 33.8 weeks. The median EGA of mothers participating in V1 was 18.0 weeks, in V2 was 23.4 weeks, in V3 was 26.9 weeks, in V4 was 30.6 weeks, in V5 was 33.9 weeks, and in V6 was 34.3 weeks.
Twelve participants were discontinued after randomization: six between V2 and V3 (5 in Group 1, 2 in Group 2). Comparing patients who discontinued post randomization (n = 12) and those who completed the protocol (n = 40), the significant differences were: initial SCL (233 vs. 144 ng/ ml; p = 0.03) and participation in the food stamps program (45 vs. 80 %, p = 0.05). Of the 12 women who dropped out, 11 consented for a release of their own and their newborn's medical record. The one woman who did not consent for release of medical records was in Group 2; she completed the protocol but miscarried. The number of women in the NRT group who exhaled CO [ 8 ppm were one woman at V3, one at V4 and one at both V3 and V4.
Process Evaluation Results
The percent of patients who agreed to participate (73 %) was comparable to the two reported U.S. trials, 78 [14] and 70 % [23] . Sixty-five percent of patients completed the NRT protocol. A process evaluation model [23] documenting participation and exposure levels to the core protocol procedures for Group 1 and 2 is presented in Table 2 , including a Protocol Implementation Index (PII). The core procedures were delivered with a very good level of fidelity by staff indicating a high PII for SCRIPT. Group 2 patients were adherent to the scheduled counseling and assessment visits. Although adherence levels in Group 1 and 2 were comparable for Visit 1 to 4, the NRT Implementation Index was much lower for Visit 5 and 6. The PII and data for each group provide empirical insight for future NRT Trials. A comparison of these process evaluation results to other SCRIPT implementation results reveals that the Group 2 PII of 0.89 was comparable to a published report (PII = 0.95) that used the SCRIPT Program [20, 24] .
Because the mean EGA at V1 was 18.5 weeks, the average number of weeks from V1 to V6 was 20 and 42 % (22/52) of the participants delivered prior to V6. These data strongly suggest that future RCT's should reduce the time interval between V4-V5 to 2 weeks, and V5-V6 to 2 weeks. Group 1 data also indicated that the relaxation of the enrollment EGA from B24 to B30 weeks needs to be reconsidered. If a B 24 week EGA had been maintained, Fig. 1 NRT study flowchart. § Met sociodemographic, pregnancy, and gestational age criteria, reported smoking during pregnancy, and wanted to quit. *Two women were each screened and randomized into the study twice. Each pregnancy was counted as a separate study participation.
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One participant was randomized to NRT, but was subsequently admitted into a rehabilitation facility and was discontinued. She was never administered NRT. Neither woman quit smoking at any time during the pregnancy Matern Child Health J (2013) 17:897-906 901 the proportion of patients who delivered before V6 would be substantially reduced. There were no significant differences noted between Group 1 and Group 2 in the prepregnancy BMI (28.1 ± 10.7 vs. 30.3 ± 6.6, p = 0.58), mean weight gain in kilograms (8.0 ± 15.1 vs. 6.9 ± 10.7, p = 0.87), previous preterm delivery (17 vs. 9 %, p = 0.67), diabetes during pregnancy Table 3 compares the distribution of cotinine values between groups during the study. Figure 2 represents the mean cotinine values at each visit for both study groups. The trend of cotinine values over time was not significant for either group (Group 1, p = 0.07). The quit rates between groups is presented in Table 4 . Using the ITT approach, women randomized, but not participating in the visit were considered treatment failures. Confirmed Group CO and Cotinine were square-root transformed prior to analysis; CPD were transformed prior to analysis by adding a constant (1) to all values and then taking the natural log a Comparing NRT patch ? behavioral intervention to behavioral intervention alone b Data are from visit 1 rather than baseline 1 quit rates at V3 were 23 (n = 6) and 0 % (n = 0) for Group 2 (p = 0.02). At V4 quit rates were 12 % (n = 3) for both groups. At V5 the quit rate was 12 % (n = 3) for Group 1 and 8 % (n = 2) for Group 2. At V6, the quit rates were significantly higher in Group 1, 19 (n = 5) vs. 0 % (n = 0) for Group 2 (p = 0.05). Participants in Group 1 delivered infants with higher gestational age compared to Group 2, 39.4 versus 38.4 weeks (p = 0.02) respectively. There was no difference in the prematurity rate, for Group 1 (4 %, n = 1) versus Group 2 (8 %, n = 2). No participants delivered an extremely premature infant. There were no differences in rates of hypertension or of diabetes. Participants in Group 1 delivered babies with higher mean birthweights compared to Group 2, 3,203 versus 2,997 g, respectively (p = 0.18). There were no differences in low birthweight (LBW) rates for Group 1 (12 %, n = 3) versus Group 2 (16 %, n = 4). No participants delivered extremely LBW infants.
Impact Evaluation Results
When comparing confirmed quitters at any time during pregnancy (n = 12) with smokers (n = 40), quitters were significantly younger (24.3 vs. 28.4 years, p = 0.04), had fewer pregnancies (3.2 vs. 6.4, p = 0.0001), and were less likely to report depression symptoms (33 vs. 68 %, 
Discussion
Recent pharmaco-dynamic studies have shown cotinine levels in pregnant smokers to drop by up to 48 % when using the patch [13] . This level of impact could not be replicated in this study. This may have been due to genetically mediated differences of nicotine metabolism in African-American smokers [25] . Although the sample size of our study precluded drawing any generalizable conclusions, the results were informative. Only one participant in Group 1 was discontinued due to side effects (nausea). Women on the patch showed no significant increase in mean cotinine level compared to women not on the patch. Average cotinine levels in the patch group gradually declined from visit 1 to 6. Comparisons of quitters versus smokers suggested that women who were younger could have been more motivated to quit, and women with fewer depressive symptoms were more able to quit successfully. It is not surprising that women who were able to quit could have been less addicted as measured by the number of cigarettes smoked and the percentage smoking their first cigarette within 30 min of waking.
Similar to previously published studies [5, 7, 8] women receiving the behavioral intervention alone were only modestly successful in quitting. Women receiving both the NRT and CBT had rates higher than women receiving CBT only. While a report in the literature shows a doubling of the rate [5] our sample size was too small to reach conclusive results. At the end of the study women in the NRT and CBT group did have a significantly higher quit rate. The cessation pattern in the NRT plus CBT group showed the percentage of women with a validated cessation rate significantly higher than the CBT group during the initial study phase. This rate difference was not sustained at the 8 week evaluation. It is worthy of note, that the NRT plus CBT group demonstrated a significantly higher quit rate at the end of the study. Unresolved issues in studies addressing this important intervention include whether a placebo patch is necessary and whether standardized doses used in non-pregnant adults are applicable to the pregnant population. Furthermore emphasizing the role that cultural and sociodemographic differences could play in different levels of efficacy for NRT should be emphasized. Using culturally sensitive and ethnically diverse interventionists may have a significant effect on enhancing efficacy as well.
While our sample size was too small to evaluate intervention impact, a significant increase in gestational age of 1 week was observed for the NRT plus CBT group. Wisborg et al. [16] found a significant increase in mean birthweight (186 gms) amongst the NRT participants. While women receiving NRT in our study did deliver infants with a mean birthweight 206 gms larger than women receiving only CBT, this difference did not reach statistical significance. In the aggregate, this study served as a formative evaluation, providing useful data about a variety of issues including, recruitment, retention, exposure to core protocol procedures for each group for the six visits. It also produced data on side effects. A larger randomized clinical trial is needed to compare the efficacy of various dosing regimens across different addiction levels for African-American women.
Two large observational studies reported on nicotine replacement during pregnancy [26, 27] . The first used the 2004 Pregnancy Risk Assessment Monitoring System (PRAMS) and reported that women using NRT (here defined as nicotine spray, inhaler, pill, patch or gum), after adjusting for age, marital status, education and race/ethnicity, were twice as likely to have a low birthweight infant as a nonsmoker, which was higher than that reported in smokers during pregnancy (1.3 times as likely as nonsmokers) [26] . The data from this study were collected retrospectively. The dose exposure to NRT was neither monitored nor reported by the users. Furthermore there is no guarantee that the women did not smoke while using NRT. These results are neither comparable nor applicable to our study. The second study by Lassen et al. [26] , used the Danish National Birth Cohort, and analyzed the association between the use of NRT (gum, patches or inhalers) and infant birthweight. They found no significant association between duration of use and birthweight. The researchers adjusted for gestational age, smoking (self and partner), parity, pre-pregnancy body mass index, maternal height, alcohol use, coffee consumption, physical exercise, infant gender, socio-economic status, weight loss, eating disorder, fertility problems, vaginal bleeding, nausea, and hypertension. In this population, the majority of women who used NRT also smoked. In addition, the researchers did not monitor whether participants used the NRT as recommended or prescribed. In our study we only selected the patch as a method of nicotine replacement due to the predictability of the dose administered. Furthermore we monitored the mother's use of the patch and tested them routinely for active smoking while on the patch. Those that continued to actively smoke were eliminated from the patch treatment group and were considered to be intervention failures. These important differences in our study design and implementation could explain the important difference in our results.
Studies evaluating interventions for smokers during pregnancy frequently encounter recruitment difficulties. Our study was no exception, especially since both the desire to quit and failing the behavioral intervention were amongst our eligibility criteria. Future studies evaluating the efficacy of interventions in similar populations should endeavor to include multiple sites serving this high risk population in order to reach recruitment targets. Furthermore, due to relatively lower adherence rates amongst high risk populations, recruitment targets should exceed projected sample sizes to show significant differences, especially when using an intent-to-treat model for analysis.
